Knautia arvensis (family Dipsacaceae) is usually found in grasslands of Europe, but can also be found in some parts of Africa and Asia, usually in dry meadows, pastures, dry hills, and open woods. The chemical composition of this species is relatively unknown. The aim of this study was to give a phenolic profile of this plant, and to show how its phenolic composition varies depending upon plant organ and geographic origin. The chemical analysis included quantification of free phenolics soluble in methanol, esters and glycosides, and phenolics that are insoluble in methanol. Fourteen different phenolic acids and eight flavonoids were quantified in total. According to this study, the chemical composition of individual plant parts can differ tremendously within one population, which does not have to be in correspondence with chemical variability between populations. As shown in this study, the variation in chemical composition between plant parts can exceed that between different populations (from different climates, altitudes, with different environmental factors), which implies that microhabitat conditions can greatly affect the composition of some plant parts, which was shown also after PCA and HCA analysis.
The genus Knautia L. is mostly represented by biannual plants with opposite leaves [1] . In Bosnia and Herzegovina this genus is represented by several widely distributed species (e.g. K. arvensis) as well as endemic species (e.g. K. sarajevensis, K. dinarica). K. arvensis is usually found in grasslands of Europe, but also in some parts of Africa and Asia [2] , usually in dry meadows, pastures, dry hills and open woods. The plant habit is represented by a simple or branched stem bearing flower heads with 50-100 flowers [2] .
K. arvensis (L.) Coult. is listed as one of the plants that can be used as an alternative for antibiotic growth promotion in animal feed with potential anti-proteolytic activity [3, 4] . First investigations of this plant were oriented to either biodiversity and pollinator interactions [3] or analysis of organic components [5] . The chemical composition of this species is relatively unknown and only a few surveys of the chemical composition of the flowers and aerial parts of the plant have been reported [6, 7] .
Phenols have a significant role in plant defence mechanisms as antioxidants [8] . Several factors can affect the concentration of these metabolites in plant tissues. Environmental parameters are one of the abiotic factors that affect metabolite biosynthesis [9] . The distribution of these compounds can also depend on the plant organ [10] . To the best to our knowledge there are neither population studies nor reports regarding organ dependent phenolic variability in K. arvensis. Therefore, the aim of this study was to give an insight into organ dependent variation of phenolic constituents in correlation to altitude, climate and plant form of K. arvensis.
A total of 15 phenolic acids and eight flavonoids were used as standards for the analysis of chemical diversity of different plant parts of K. arvensis. Apigenin was the only flavonoid identified in flower samples of K. arvensis (KAD -3.5 nmol mg -1 ; KAD*-2.9 nmol mg -1 ; KAB-4.9 nmol mg -1 ;KAV-0.9 nmol mg -1 ; for detailed information about populations cf. Table 1 ). Other analysed flavonoids (galangin, naringenin, kaempferol, quercetin, myricetin, chrysin, pinocembrin) were either not detected or were detected only in traces.
UHPLC-MS/MS analysis of methanol extracts of different plant parts showed high variation between individual plant parts for all tested phenolic acids. Chlorogenic, caffeic and vanillic acids represent the main components of all plant parts, with somewhat elevated values for leaves and flowers. 3-Hydroxybenzoic acid (3HBA) was not detected in the roots of K. arvensis, while this acid was present in stems and sometimes in leaves. High variation between individual plant parts for the analysed phenolic acids was noticed within one population, but also between different populations ( Table 2 ). Analysis of the chemical composition of fruits showed that, beside chlorogenic, caffeic, and vanillic acids, there is also a high concentration of ferulic and p-coumaric acids. Ferulic acid was at a high concentration in the Dariva population (KAD) in roots. The huge deviations recorded between plant parts are not evident if only the data for the whole plant are observed ( Table 2 ). Gallic acid was predominantly (99-100%) in the form of methanol insoluble phenolic acids (Supplementary document). Chlorogenic, 4hydroxybenzoic, vanillic and syringic acids were in high percentage (50-70%) in free form, with some deviation between individual plant parts (Supplementary document). Ferulic and syringic acids were generally in the form of esters (30-60%), as well as 5hydroxybenzoic acid (50-99%). Sinapic acid was primarily in the form of glycosides. Also, high percentages of glycoside forms of other analysed acids were recorded for individual plant parts (see Supplementary document). Glycoside forms of secondary metabolites are usually stored in this form to avoid toxicity to the plant itself [11] .
Moldoch et al. [7] recorded eight components in the methanol extract of K. arvensis aerial parts. The recorded components were: C-6 flavone glycoside, cryptochlorogenic acid, chlorogenic acid, 2-O-trans-caffeoylhydrocitric acid, isovitexin 7--D-glucopyranoside, 7,4'-dihydroxy5-methoxyflavone-6-C-D-glucopyranoside, 3,5-Odicaffeoylquinic acid and 4,5-O-dicaffeoylquinic acid. These components were identified, but no quantification was made; also complete aerial parts were used.
The coefficient of variability for individual plant parts between populations of K. arvensis in some cases was lower than for different plant parts of the same population ( Table 2 ). Such findings imply that selection of the appropriate plant part is crucial for correct future chemotaxonomic analysis using any statistical method.
The variability of phenolic acids between organs within one population can be attributed to the role of each organ in plant physiology. Between populations, stem samples showed mostly a stable phenolic concentration. The obtained data for individual organ parts among the tested populations was analysed through PCA and HCA to estimate the effect of plant part selection and population origins on population segregation. HCA clustering revealed the existence of two clusters with a dissimilarity >720. The first cluster includes two smaller clusters comprised of flower samples from the Blagaj population and leaf samples from the Velež population with dissimilarity >240. The second cluster consists of two sub-clusters, the first represented by two leaf samples (locality Blagaj) and another sub-cluster consisting of many samples of different organs from different populations ( Fig  2) . The PCA plot for leaf extracts showed that the first two principal axes (Component 1 and Component 2) represented ca. 98.2% of the total variance. The first axis explained 63.1% of the total variation and the second 35.0%. PCA analysis gave clear separation of the different populations according to the plant organ (Fig 3) . Vanillic acid was the most variable character for PC1, while caffeic acid was the most variable for PC2.
According to this study, the chemical composition of individual plant parts can differ tremendously within one population, which does not have to be in correspondence with the chemical variability between populations. As shown in this study, the variation in chemical composition between plant parts can exceed that between different populations (from different climates, altitudes, with different environmental factors) which indicates that microhabitat conditions can greatly affect the composition of plant parts. When analysing chemical variability between populations it is important to consider also the variability between plant organs. Selection of a chemically stable organ when analysing chemotaxonomic relationships between populations is crucial for reproducibility of the results.
Experimental
Plant material: Different plant organs were collected during flowering phenophase of Knautia arvensis from July to August 2015 from 4 wild populations ( Methanol extraction: Isolation of phenolics was according to a modified method of Ayaz et al. [13] . One hundred mg of homogenized, ground, plant powder was extracted twice with 800 L of 80% methanol for 15 min by sonicating. After centrifugation for 10 min at 17000 g. Supernatants were collected and evaporated to dryness. The residue was used for isolation of non-soluble phenolics (F4 fraction). Free phenolics were obtained from the diethyl ether residue of the evaporated methanol extract by adding 500 L of 0.1M HCl and using 2 x 1 mL of diethyl ether. The diethyl ether fraction was evaporated to dryness and stored at 4°C until analysis (F1 fraction). To the acidic fraction, 1 mL of 1 M NaOH containing 0.5% ascorbic acid was added and the mixture was incubated for 3 h at 25°C. An additional 200 L of conc. HCl was added to the incubated mixture and the phenolic acids hydrolysed from their corresponding esters were extracted using 2 x 1 mL of diethyl ether. Again the diethyl ether fraction was evaporated to dryness and stored at 4°C until analysis (F2 fraction). Phenolic glycosides were hydrolysed from the remaining acidic layer by incubation for 1 h at 50°C. Hydrolysed phenolics were extracted using 2 x 1 mL of diethyl ether, which was evaporated to dryness and stored at 4°C until analysis (F3 fraction). One mL of 1M NaOH was added to the dry residue of the initial methanol extract, and the reaction mixture incubated for 3 h at 25°C. Two hundred L of conc. HCl was added and the insoluble fraction of phenolics was extracted using 2 x 1 mL of diethyl ether, which was evaporated to dryness and stored at 4°C until analysis (F4 fraction). All samples were dissolved in mobile phase (5% acetonitrile in 10 mM formic acid solution), sonicated for 15 min, and centrifuged for 10 min at 17000 g prior the analysis.
Preparation of calibration standards:
Standard solutions of 23 target compounds were prepared in methanol at 1 mM concentrations, and were gradually diluted in mobile phase to the working concentrations ranging from 0.01 to 50 M. Each solution contained 15 phenolic acids and 8 flavonoids, i.e., gallic, chlorogenic, 4-hydroxybenzoic, caffeic, vanillic, 5-hydroxyferulic, syringic, protocatechuic, 3-hydroxybenzoic, p-coumaric, sinapinic, ferulic, rosmarinic, salicylic, and trans-cinnamic acids; then myricetin, quercetin, apigenin, naringenin, kaempferol, chrysin, galangin, and pinocembrin.
UHPLC-MS/MS instrumentation and conditions:
UHPLC-MS/MS analyses were carried out using a Shimadzu Ultra 548 Natural Product Communications Vol. 12 (4) 2017
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Performance LC-MS 8050 system with a triple quadrupole mass spectrometer equipped with an electrospray ionization (ESI) source operating in negative mode. LabSolutions software (version 5.2, Shimadzu Corporation) was used to control the instruments, and for data acquisition and processing. Sample solutions were injected into a reversed phase column (BEH C8, 1.7 m, 2.1 x 150 mm, Waters, Milford, MA) with appropriate pre-column. Column temperature was kept at 40°C. The mobile phase consisted of a mixture of aqueous 10 mM formic acid (solvent A) and acetonitrile (solvent B). Linear gradient and isocratic flows were slightly modified from those of Gruz et al. [14] at a flow rate of 0.25 mL/min, i.e. 5% B for 0.8 min, 5-10% B for the next 0.4 min, isocratic 10% B for 0.70 min, 10-15% B for the next 0.5 min, isocratic 15% B for 1.30 min, 15-21% B for 1.30 min, isocratic 21% B 1.20 min, 21-27% for the next 0.50 min, then 27-50% for 3.30 min, 50-100% for 2.00 min, isocratic 100% for 1.00 min, and 100-5% over 5 min. At the end of the program the column was equilibrated under initial conditions for 2.70 min. The pressure ranged from 45 to 50 MPa during the chromatographic run. The effluent was introduced into an electrospray source (interface temperature 300°C, heat block temperature 400°C, and capillary voltage 3.0 kV). Argon was used as collision gas, and nitrogen as nebulizing gas.
